e studied degenerative changes in the cervical intervertebral discs of 497 asymptomatic subjects by MRI and evaluated disc degeneration by loss of signal intensity, posterior and anterior disc protrusion, narrowing of the disc space and foraminal stenosis. In each subject, five disc levels from C2-C3 to C6-C7 were evaluated.
MRI is often used for patients with cervical spine disorders. Its high sensitivity for detecting disc disease [1] [2] [3] [4] allows it to show degeneration in both symptomatic and asymptomatic patients. Boden et al 5 consider that abnormal MRI findings in asymptomatic subjects are false-positive results, since it is difficult to distinguish between ageing discs and pathologically degenerate discs which cause symptoms. It is therefore important to know the frequency of degenerative changes on MRI in an asymptomatic population. Such abnormalities have been reported in several studies, [5] [6] [7] but the age and gender distribution of these findings have not been given in detail.
We have therefore prospectively investigated degenerative changes on MRI in the cervical discs of a sample of an asymptomatic Japanese population.
Patients and Methods
We recruited a total of 497 volunteers (262 male and 235 female; Tables I and II) . Most of them were known to the investigators, and were chosen to provide a range of age groups in both genders. No subject had any current symptoms related to the cervical spine, such as neck pain or brachialgia, and had no previous history of disease or trauma to the cervical spine or brain which had needed medical care. These criteria were confirmed by a questionnaire before MRI, but no detailed neurological examination was performed. It was difficult to exclude possible minor symptoms in the past, since episodes of mild neck pain, brachialgia or shoulder girdle pain could be forgotten; We examined 134 subjects using the 1.5 T and 363 with the 0.5 T scanner. The age distribution of the subjects in these two groups was matched approximately, although most of the teenagers and men in their fifties were studied using the 0.5 T scanner. Interpretation. Before any of the MRI images were studied, a grading system was developed by spine surgeons and a neuroradiologist (Table III) to evaluate disc degeneration, posterior disc protrusion, anterior disc protrusion, narrowing of the disc space and foraminal stenosis. We defined disc degeneration as a decrease in signal intensity on T2WSI, graded from 0 to 2. Anterior or posterior protrusion was recorded if disc material extended beyond the confines of the vertebral bodies on T1WSI. 5 Disc protrusion with bony spurs was recorded only when the disc material protruded beyond the tips of the spurs. The three grades of posterior disc protrusion on T1WSI were normal (0), intermediate (1) T1-weighted sagittal image at 1.5 T of a 45-year-old man with no symptoms. There are grade-1 posterior disc protrusions at C5-C6 and C6-C7 (small arrows) and a grade-2 protrusion at C4-C5 (large arrow). There is an anterior disc protrusion with small spurs at C5-C6 (arrowhead).
defined as a small, diffuse, non-focal protrusion of nonosseous disc material 5, 7 and prolapse as a focal extrusion.
Posterior disc protrusion on T1WAI images was diagnosed when non-osseous material with an intermediate signal level protruded into the spinal canal or a neural foramen or both. These protrusions were classified as median, paramedian, or lateral according to the location of their apex on axial images in relation to the spinal cord. Median protrusions were opposite the middle third of the cord, paramedian opposite the lateral third and lateral protrusions lateral to the cord. Foraminal stenosis was evaluated on T1WAI and diagnosed when epidural fat was obliterated by disc material of intermediate signal intensity or by osseous material of low signal intensity. We recorded all sagittal MRI findings from C2-C3 to C6-C7 except for narrowing at the C2-C3 level. This level was excluded because narrowing was diagnosed by comparison with the next disc space above. Axial images were obtained at C3-C4, C4-C5, and C5-C6 only; C2-C3 and C6-C7 were excluded to save scanning time and the cost of hard copies. The assessments were made blind by one spine surgeon (MM). Two other spine surgeons (YN, MN) also evaluated 103 MRI studies (20% with a similar age, gender and MRI distribution) blindly and separately to allow evaluation of the reliability of the results. Each of the three surgeons had over ten years' clinical experience and were familiar with the interpretation of MRI of the cervical spine. Analysis. We recorded the frequency of positive findings for each age group and at each intervertebral level and also assessed the coexistence of different MRI appearances. For statistical evaluation, the grading scores were converted into a binary notation, as positive or negative as shown in Table  III . Chi-squared tests were used to study the relationship between the frequency of MRI findings and subject age and gender on the statistical package, SPSS 6.1J (SPSS Inc, Chicago, Illinois), taking a p value of less than 0.05 as significant. Kappa statistics were used to assess interobserver agreement with correction for chance between the readers, using the method of Fleiss 8 for more than two observers.
Results
The Kappa scores for the three observers were 0.59 for posterior disc protrusion, 0.51 for anterior disc protrusion, 0.54 for disc degeneration, and 0.60 for foraminal stenosis. These show fair to good agreement. A total of 2480 discs was evaluated and the frequencies of single positive findings are shown in Figure 2 as percentages of discs in every age and gender group. Positive MRI findings increased significantly with age (chi-squared test, p < 0.0001), disc degeneration being the most frequent. Grade-1 or grade-2 disc degeneration was seen in 17% of discs of men and 12% of those of women in their twenties, rising to 86% and 89%, respectively, in subjects over 60 years of age. Posterior disc protrusions were more common in men than in women, especially those over 40 years of age (p < 0.001). Grade-2 posterior disc protrusion, with spinal cord compression, was seen in 50 discs of 38 subjects (7.6%), most of them over 40 years of age. Of the posterior disc protrusions 80% were classified as bulges, and the remainder as prolapsed (Table IV) . Nineteen of the prolapsed discs (27%) and 31 of the bulging discs (11%) were of grade 2 in severity. On the axial images, median protrusions were the most common (67%), with fewer paramedian (26%) and lateral protrusions (7%). Anterior disc protrusions and narrowing of the disc space were less frequent than disc degeneration and posterior disc protrusion.
On T1WAI, we frequently found foraminal stenosis in subjects over 50 years of age, and more often in men (p < 0.01), but only 5.9% of all disc levels showed this finding.
The frequency of each MRI finding at various levels is shown in Figure 3 . The highest was at C5-C6, followed by C6-C7 and C4-C5. MRI signs of degeneration were rare at C2-C3 and C3-C4. Posterior disc protrusion with compression of the spinal cord was most common at C5-C6, followed by C4-C5 and C6-C7.
The correlations between different MRI findings are shown in Figure 4 . Disc degeneration was often accompanied by other MRI findings, being present in 71% of discs with posterior protrusions and 78% of those with anterior protrusions. Of discs showing degeneration, 27% had posterior protrusion and 16% had anterior protrusion.
Discussion
The asymptomatic degenerative findings shown by MRI of the cervical spine are probably normal age-related changes. Boden et al 5 reported major abnormalities on MRI in 19% of 63 asymptomatic subjects, with degeneration increasing with age, except for herniation of the nucleus pulposus and disc bulging. Lehto et al 7 also demonstrated a strong correlation between abnormalities and age, and showed that the signal intensity of discs, measured as regions of interest, differed between age groups. These studies used gradient-echo sequences to evaluate disc degeneration. Our more detailed analysis, stratified by age and gender, used spin-echo and fast spin-echo sequences which are more sensitive to disc desiccation. We found that the frequency of each degenerative MRI finding increased linearly with age, disc degeneration on T2WSI being the most prevalent finding in every age group. There is no generally accepted definition of disc degeneration morphologically, biochemically, or radiologically, 9 but a decrease in signal intensity on MRI is considered to be a very sensitive radiological sign, and the two descriptions are often used without distinction. 2 We found that the MRI indication of disc degeneration was significantly associated with disc protrusion and narrowing of the disc space, both of which suggest advanced structural deterioration. Of all discs with signal loss on MRI, however, only 16% showed anterior and 27% posterior protrusion. This suggests that signal loss on MRI depends more on age-related biochemical change than on structural deterioration; such changes may not have pathological consequences particularly in elderly people. Posterior disc protrusion is clinically important since it may cause radiculopathy and myelopathy. We found that posterior protrusion and even compression of the spinal cord were not rare in symptomless subjects over 40 years of age. This has been previously reported by Teresi et al, 6 who studied MR images of the laryngeal region in 100 asymptomatic patients over 45 years of age. They found that 23% of patients over 64 years showed involvement of the spinal cord, but noted that reduction of the cross-sectional area of the spinal cord never exceeded 16%. Mild cord compression does not necessarily cause myelopathy, 10 but longterm follow-up of these asymptomatic subjects may provide information about the natural course of cervical myelopathy. We used two different MRI scanners which may have had an adverse effect on our interpretation. In particular, the signal intensity of discs on T2WSI may differ on fast spinecho and conventional spin-echo sequences. A preliminary study on four volunteers (20 discs) using the two scanners within one month allowed us to compare the frequency of disc degeneration by mixing these studies with others and interpreting blindly. We found that the frequency of disc degeneration was essentially the same with either scanner. Ross et al 11 have also compared these two sequences, for the lumbar spine, and found no significant differences in ranking normal and degenerative disc signals on the two sequences. The use of two MRI scanners probably did not cause a significant bias in our study.
Conclusions. The frequency of degenerative findings on MRI of cervical intervertebral discs of asymptomatic sub- The coexistence of MRI findings (DD, disc degeneration; PDP, posterior disc protrusion; ADP, anterior disc protrusion; DSN, narrowing of the disc space; FS, foraminal stenosis).
jects increased with age. These findings should be taken into consideration when reading MR images of patients with various cervical disorders.
